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[ Summary] 

[Object] To suppress "charging noise" in an image forming 
device so as to decrease the noise level, and to prevent 
"beat" by improving an image holding member such as a 
photosensitive drum. 

[Solving Means] An image forming device comprises an image 
holding member which is subjected to a charging treatment 
by contacting a charging member to which a voltage is applied. 
An oscillating voltage made by superposing an alternating 
voltage on a direct voltage is applied between the charging 
member and the image holding member soastoforman oscillating 
electric field. A thickness of an aluminum base pipe which 
structures the image r holding member is 1.5 mm or greater, 
and the thickness of the base pipe is determined such that 
a natural frequency of the image holding member is outside 
the range of integer number multiplication of the frequency 
of applied voltage ± 100 Hz. 

[Claim 1] An image forming device comprising an image 
holding member which is subjected to a charging treatment 



by contacting a charging member to which a voltage is applied, 
wherein an oscillating voltage made by superposing an 
alternating voltage on a direct voltage is applied between 
said charging member and said image holding member to form 
5 an oscillating electric field, a thickness of an aluminum 
base pipe which structures said image holding member is 1.5 
mmor greater, and the thickness of the base pipe is determined 
such that a natural frequency of said image holding member 
is outside the range of integer number multiplication of 

10 the frequency of applied voltage ± 100 Hz. 

[Claim 2] An image forming device comprising an image 
holding member which is subjected to a charging treatment 
by contacting a charging member to which a voltage is applied, 
wherein an oscillating voltage made by superposing an 

15 alternating voltage on a direct voltage is applied between 
said charging member and said image holding member to form 
an oscillating electric field, 

said image forming device where a thickness of an 
aluminum base tube which structures said image holding member 

20 is 0.9 mm or more, an aluminum anodic oxide film subjected 
to a sealing-treatment-with-pure-water is formed on the 
surface of said base tube to a film thickness of 7 jam or more, 
and the thickness of said base pipe is determined such that 
the natural frequency of said image holding member is outside 

25 the range of integer number multiplication of the applied 



2 



voltage ± 100 Hz. 
[0007] 

Therefore an object of the present invention is to 
5 suppress "charging noise" in an image forming device so as 
to decrease the noise level and to prevent "beat" by improving 
an image holding member such as a photosensitive drum, 

[0013] 

10 Fig. 1 shows a typical cross-sectional view of a 

photosensitive drum which is an example of the present 
invention. An undercoating layer 2 and a laminated 
photosensitive layer 5 formed of a charge generating layer 
3 and a charge transporting layer 4 are successively laminated 

15 on a conductive substrate 1. 
[0014] 

The conductive substrate 1 serves as an electrode for 
photosensitive drum as well as a support for various layers, 
and may be formed in a cylindrical, planar, film shape. In 
20 the present invention, an aluminum substrate is used. 
[0015] 

In a first invention of the present invention, a base 
pipe of the photosensitive body has a thickness of 1.5 mm 
or greater, and preferably around 1.5 mm in view of costs. 
25 1.5 mm or greater of the thickness may not cause a resonance 
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due to applied voltage such that "the charging noise" can 
be reduced. In a second invention of the present invention, 
the thickness of the base pipe is 0.9 mm or greater. 
[0016] 

5 The undercoating layer 2 is formed to prevent injection 

of unnecessary electric charges from the conductive substrate 
to the photosensitive layer, to coat defective portions on 
the substrate surface and to improve an adhesive property 
of the photosensitive drum. The undercoating layer can be 

10 divided into an undercoating layer which forms a layer 
containing a resin as a main component and an undercoating 
layer which forms an anodic oxide film (hereinafter, also 
refer redtoas " film" ) on the surface of the aluminum substrate . 
In a first invention of the present invention, any type of 

15 the above-mentioned undercoating layers may be used and 
provided if desired. In the second invention, the 
undercoating layer 2 which is prepared by forming an anodic 
oxide film on a surface of the aluminum substrate is used. 
Fig. 2 shows a typical cross-sectional view of the 

20 photosensitive drum using the above-described undercoating 
layer 2 . An anodic oxide film 6 is formed as the undercoating 
layer on the conductive substrate 1. The laminated 
photosensitive layer 5 formed of the charge generating layer 
3 and the charge transporting layer 6 is laminated on the 

25 anodic oxide film 6. 
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[0019] 

In the second invention of the present invention, a 
sealing treatment is performed with pure water. The 
thickness of the film is 7 jam or greater, preferably in a 
5 range of 7 [im to 10 |jm. Preferably, a sealing treatment is 
performed by adding, as a surf actant , a phosphate surfactant, 
a naphthalene sulfonate formaldehyde condensate or a 
bisphenol A sulfonate formaldehyde condensate into a sealing 
treatment agent . By forming the film sub j ected to the sealing 
10 treatment with pure water on the base pipe having the 
above-mentioned thickness, the resonance caused by applied 
voltage does not occur, and "the charging noise" can be 
reduced . 

15 [0028] 

Examples of a charging member contacting an 
electrophotographic photosensitive body include a roller 
and a brush, and charging members used in conventional 
electrophotographic devices may be used. 
20 [0029] 

An oscillating electric field is formed between the 
photosensitive body and the charging member by an oscillating 
voltage which is made by superposing an alternating voltage 
with a sine wave form and a specific range of peak-to-peak 
25 .voltage on a direct voltage which is a specific voltage being 
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applied to the charging member. Thus, the photosensitive 
body can be charged to a predetermined potential. 
[0030] 
[Examples] 

5 Hereinafter, the present invention will be described 

on the basis of the examples. 
Comparative Example 1 

An aluminum base tube having a thickness of 0.9 mm, 
a diameter of 3 0 mm and a length of 2 54 mm was used (Hereinafter, 

10 the diameter and the length are the same through the examples) . 
On the aluminum base tube, a film prepared by containing 
metallic oxide powder in an organic resin is formed as a 
undercoating layer to a thickness of 3 |-im. Then, as the charge 
generating layer, a coating solution prepared by dispersing 

15 X type non-metallic phthalocyanine having an average particle 
diameter of 200 nm in a copolymer of vinyl chloride and vinyl 
acetate at a ratio of 4 : 6 is coated on the undercoating layer. 
Thereafter, as the charge transporting layer, a coating 
solution prepared by mixing a butadiene charge transporting 

20 agent with a polycarbonate resin (molecular weight : 30,000) 
is coated on the charge generating layer. Then, the base 
tube was dried at 80°C for two hours such that the layers 
are successively laminated and the photosensitive drum was 
manufactured. A LBP with the resultant photosensitive drum 

25 built therein is operated, and noise level was measured at 
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primary natural frequency to quaternary natural frequency. 
The frequency of an alternating voltage applied to the LBP 
wad 700 Hz. The natural frequency of the manufactured 
photosensitive body was also measured. The "natural 
5 frequency was measured by inserting the photosensitive drum 
attached to the cartridge into the LBP and performing a 
hammering test. 
[0031] 
Example 1 

10 The photosensitive drum was manufactured by the same 

manner as in the Comparative Example 1 except that the 
thickness of the aluminum base tube was 1.5 mm. Then, the 
noise level and the natural frequency were measured. 

15 [0034] 

Measurement results of Comparative Examples 1, 2 and 
Examples 1 and 2 are shown in the following Table 1 . Numerals 
within parentheses indicate maximum value/minimized value 
of the noise level at the frequency. 



25 
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[0035] 



[TABLE 1] 





ORGANIC 
UNDERCO 
ATING 
LAYER 


THICKNE 
SS OF 
BASE 
PIPE 


NATURAL FREQUENCY (Hz) 


MASS 


PRIMARY 


SECONDARY 


TERTIARY 


QUATERNARY 


COMPARAT 
IVE 

EXAMPLE 1 


YES 


0 . 9mm 


1900 

(50dB/4 

8dB) 


2800 

(60dB/52dB 
) 


3200 
(51dB/49 
dB) 


3600 

(60dB/54dB 
) 


68. 3g 


EXAMPLE 1 


YES 


1 . 5mm 


2300 

(50dB/4 

8dB) 


4700 

(50dB/47dB 
) 


5400 
(50dB/48 
dB) 


6000 

(50dB/48dB 
) 


95. 3g 


COMPARAT 
IVE 

EXAMPLE 2 


YES 


1 . 2mm 


1900 

(50dB/4 

8dB) 


2900 

(60dB/52dB 
) 


4400 
(50dB/48 
dB) 


5400 

(50dB/48dB 
) 


75. 2g 


EXAMPLE 2 


YES 


2.0mm 


2400 

(46dB/4 

4dB) 


3000 

{46dB/44dB 
) 


5800 
(46dB/44 
dB) 


6500 

(46dB/44dB 
) 


124 .0 

g 



[0037] 

5 As shown in Table 1 , as in examples 1 and 2, the thickness 

of the base pipe is determined such that the natural 
frequencies of the base pipe (from primary natural frequency 
to quaternary natural frequency) are outside the range of 
integer number multiplication of the frequency of the applied 

10 . voltage, i.e., 700 Hz, ±100 Hz. (Namely, the thickness of the 
base pipe in example 1 is 1.5 mm, and the thickness of the base 
pipe in example 2 is 2 mm, respectively.) Consequently, it is 
found that particularly the charging noise does not become large, 
e.g., 60 dB as in comparative examples 1 and 2, by a specific 

15 natural frequency. 
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[0044] 



[TABLE 2] 





THICKNESS 
OF BASE 
PIPE 


ANODIC 
OXIDE 
FILM 
AL 2 0 3 


NATURAL FREQUENCY (Hz) 


PRIMARY 


SECONDARY 


TERTIARY 


QUATERNARY 


COMPARA 
TIVE 
EXAMPLE 
3 


0. 9mm 


NONE 


1900 

(51dB/49 
dB) 


2800 

(60dB/54d 
B) 


3200 

(50dB/48 

dB) 


3600 

(60dB/52dB 
) 


EXAMPLE 
3 


0. 9mm 


7 jam 


1900 
(50dB/48 
dB) 


4 600 

(50dB/48d 
B) 


5100 

(50dB/48 

dB) 


5900 

(50dB/47dB 
) 


COMPARA 
TIVE 
EXAMPLE 
4 


0. 9mm 


3^m 


1900 
(50dB/48 
dB) 


4300 

(60dB/54d 
B) 


4700 

(50dB/48 

dB) 


5800 

(50dB/47dB 
) 


EXAMPLE 
4 


0. 9mm 


10nm 


2000 
(50dB/48 
dB) 


4600 

(50dB/48d 
B) 


5200 
(50dB/48 
dB) 


6000 

(50dB/47dB 
) 



[0047] 

In accordance with studies by the inventors, in general, 
when the noise level decreases, by 6 dB, most people feel that 
the noise level has decreased. If the difference between the 
maximum value of the noise level and the minimum value thereof 
is 4 dB or more, a so-called "beat" is felt. Accordingly, 
from the above described results, the noise level can be 
reduced and the "beat" can be prevented in photosensitive 
drums of all examples. 
[0048] 

The frequency of the alternating voltage to be applied 
to the LBP used in the present embodiment was 700 Hz. 
Consequently, when 700 Hz of the frequency of the alternating 
voltage applied to the LBP becomes a basic frequency and 



integer multiplication of the basic frequency closes _the 
natural frequency, so-called resonance is generated and "the 
charging noise" is generated. In the photosensitive drums 
of examples 1 through 4, "the charging noise" can be reduced 
5 due to the natural frequency outside the range of integer number 
multiplication of the frequency 700 Hz ± 100 Hz. 
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